Key words: Immunocytochemistry/monoclonal antibody/erythroblasts/band 3 protein/mice ABSTRACT. Wecreated a monoclonal antibody, designated EB1 (IgM, kappa), that reacts with erythroblasts by fusion of P3-X63-Ag8.653 with splenocytes of rats immunized with erythroblastic islands isolated from mice spleens. Western blotting revealed that EB1 reacted with the band 3 protein of the erythrocytic membrane. It stained erythrocytes and erythroblasts, forming clusters in the bone marrow, splenic red pulp, and fetal liver, but did not stain other tissues in the cryostat sections. The EB1antigen was detected during dimethyl sulfoxide-induced differentiation of murine erythroleukemia cells. Immunoelectronmicroscopy revealed that the EB1antigen was expressed from the basophilic erythroblasts during normal erythroid differentiation. Preferential segregation of the EB1antigen on the cell membraneof the nucleating erythroblasts was not observed. These results suggest that EB1 is specific for erythrocyte band 3 protein and may be useful for studying erythroid cell differentiation.
Band 3 protein is a major integral protein of the erythrocytes. It is linked to the cytoskeleton through ankyrin and functions as an anion transporter (9) . The expression of the band 3 protein during erythroid cell differentiation has been extensively studied in mice, rats, humans, and chickens (1, 2, 4, 10, 16, 17, 21, 23 ). The studies indicate that the protein is expressed during the differentiation of erythropoietin-responsive cells to erythrocytes. However,most of the studies have been done using transformed erythroid cells and polyclonal antibodies. Few studies have been performed to detect the band 3 on the normal erythroblasts. Wehave established a monoclonal antibody that reacts with mouse erythrocyte band 3 protein by immunizing rats with erythroblastic islands isolated from the anemic mousespleen. Here we report the specificity of the antibody and immunoelectron microscopic detection of the antigen on normal erythroblasts from the anemic mice.
MATERIALS AND METHODS
Isolation of erythroblastic islands (El). El were isolated from spleens of bled mice using collagenase digestion, unit gravity sedimentation, and Percoll density gradient centrifugaAbbreviations used: ABC, avidin-biotin-peroxidase complex;
DMSO,dimethylsulfoxide; El, erythroblastic islands; mAb, monoclonal antibody; MEL,murine erythroleukemia. tion as previously described (19). Briefly, 10-to 16-week-old C3H/HeN mice (Charles River Japan, Inc., Tokyo) were bled by heparinized capillary tubes from the retro-orbital sinus 4 days (0.4 ml) and 1 day (0.25 ml) before being sacrificed. After the mice were killed by cervical dislocation, their spleens were excised, washedin Eagle's minimum essential medium (MEM)(GIBCO, Grand Island, NY), and minced in the medium using scissors. The fragments of 2 spleens were incubated in 15 ml 0.075% type 4 collagenase from Clostridium histolyticum (Sigma, St Louis, Mo) and 0.004% deoxyribonuclease 1 (DNase) (Sigma) in MEMfor 30 min in a 37°C water bath with constant shaking. After passing the suspension through a syringe with an 18 gauge needle several times, a small amount of undigested white tissue was discarded. The suspension was washed and re-suspended in 7 ml MEM containing 0.004% DNase. This suspension was gently layered on 35 ml MEMcontaining 30% horse serum (GIBCO) in a 50 ml plastic tube. Forty-five minutes later, aggregates sedimented on the bottom were collected, suspended in 20 ml MEM containing 50% Percoll (prior adjusted to 300 mOs/kg, Pharmacia Fine Chemicals, Uppsala, Sweden), and gently layered on 10 ml of 100% Percoll in a glass centrifuge tube. The column was spun at an average of 400g for 20min. Red aggregates (El fraction) enriched between the 50% Percoll column (density: 1.064 g/ml) and the 100% Percoll column (density: 1.122 g/ml) were harvested by Pasteur pipette, suspended in MEM, Immunoperoxidase staining. The tissues from C3H/HeN or 8-week-old C57BL/6N mice (Clea Japan) treated with or without phlebotomy were examined using frozen and paraffin-embedded tissues. For cryostat-sections, the excised tissues were embedded in Tissue Tek OCTcompound (Miles, Naperville, IL), and were snap-frozen in n-hexan cooled at -80°C. Acetone-fixed 6 jum sections were stained with monoclonal antibody (mAb) using the indirect method. Briefly, after treatment with 10%normal goat serum, the sections were stained with the mAbfor 90 min at room temperature. They were then washed in PBS and incubated for 45 min in peroxidase-conjugated goat anti-rat IgG (KPL, Inc., Maryland) which had been affinity purified and absorbed by mouse serum. After washing in PBS, the sections were stained for peroxidase activity with 0.3 mg/ml 3,3-diaminobenzidin tetrahydrocloride and 0.005% hydrogen peroxide in tris buffer. For paraffin-sections, the tissues were fixed with Carnoy's solution, dehydrated, and embedded in paraffin.
Four jum sections were treated with 0.3% hydrogen peroxide to eliminate endogenousperoxidase activity prior to staining with the mAbusing avidin-biotin-peroxidase complex (ABC) method as previously described (18). Cytocentrifuge preparations of isolated El were stained with EB1 mAbas previously described (18).
Immunoelectron microscopy. The El were fixed with 0.1 M phosphate buffer containing 4% paraformaldehyde and 0.5% glutaraldehyde for 30 min at room temperature. They were washed in PBS and treated with 0.001% hydrogen peroxide for 10 min. After washing in PBS containing 0.1% Triton X-100, they were incubated in normal goat serum for 3 hr at room temperature and then incubated in EB1mAbover-night at 4°C. After washing in PBS containing 0.1% Triton X-100, they were incubated in peroxidase-conjugated anti-rat IgG for 3 hr at roomtemperature. They were then washed in PBS containing 0.1% Triton X-100 and re-fixed with 1% glutaraldehyde for 30 min. Subsequently, they were washed again in PBSand stained for peroxidase activity. After the immunochemical reaction, El were post fixed with 1% osmium tetroxide, dehydrated, and embedded in Epon. Ultrathin sections were stained with uranyl acetate and then examined by electronmicroscope.
Cell lines. The murine erythroleukemia cell line, B8/3 (15), was provided as a gift by Dr. M. Obinata, Department of Cell Biology, The Research Institute for Tuberculosis and Cancer, Tohoku University, Sendai, Japan. The cells were maintained in RPMI-1640 medium supplemented with 10% FBS and 100 //g/ml kanamycin. For induction of differentiation, DMSO(Sigma) was added to the culture at a final concentration of 1.5%. The extent of differentiation was determined using the diaminobenzidin reaction to sort out hemoglobin-containing cells. EB1antigen expression was also deter- Western blotting for surface membraneproteins. Erythrocytes were isolated from drawn mouse blood by centrifugation. Ghosts were obtained by the method of Fairbanks et al. (3) and were stocked at a protein concentration of 3 mg/ml at -80°C. For SDS-PAGE,ghosts were mixed with a 4 x gel sample buffer and analyzed according to the method of Laemmli (1 1), gels contained 7.5% polyacrylamide. After electrophoresis, the gels were soaked for 20min in a transfer buffer (2.5 mMsodium phosphate, pH 6.7), and electrophoretically transferred to an Immunodyne immunoaffmity membrane (Pall Ultra fine Filtration Corp., Tokyo) (14). The membranes were then incubated in skim milk at 4°C overnight and incubated in the mAbfor 2 h at room temperature. After washing in PBS containing 0.1% Triton X, they were incubated in biotinylated anti-rat IgG (Vector) for 1 hr at room temperature. They were subsequently washed, incubated in ABCfor 45 min, and washed. They were then stained for peroxidase activity with 0.3 mg/mL3,3-diaminobenzidine tetrahydrochloride and 0.005% hydrogen peroxide in tris buffer.
RESULTS
Immunohistochemical reactivity of the monoclonal antibody (EB1) with tissues. EB1 was IgM, kappa type immunogloblin.
In cytocentrifuge preparation of erythroblastic islands isolated from bled mouse spleen, EB1 stained most cells surrounding central macrophages. In cryostat sections, EB1 stained erythrocytes and hematopoietic clusters in splenic red pulp, bone marrow (Fig. 1A) , and fetal liver. As shown in Table I , the mAbdid not stain cells other than erythrocytic cells (Fig. IB) . Afterphlebotomy in adult mice,the hematopoietic cells positive for EB1antigen were markedly increasedin numberand formedlarge coloniesin the in the various tissues so far examined, including kidney splenic red pulp (Fig. 1C, D) . Interestingly, the anti-^å 
* Reactivity was examined by immunoperoxidase staining in tissue sections.
body was reactive also in paraffin-embedded sections. Hematopoietic foci were more clearly identified in the cryostat section than in the paraffin sections, in the cryostat section, the hematopoietic cells stained were round and the erythrocytes were sickle shaped.
Immunocytochemical reactivity of EB1with cell lines. Westudied EB1antigen expression in mouse cell lines. EB1 reacted with murine erythroleukemia cells only after treatment with 1.5% dimethyl sulfoxide (DMSO) ( Table II) .
Antigen recognized by EBL Western blotting revealed that EB1reacts with an erythrocyte membrane protein (a single band at~100 kilodalton) presumably corresponding to the band 3 protein revealed by Coomassie brilliant blue staining of SDS polyacrylamide gels (Fig. 2) . Fig. 3A) . The EB1-negative cells were larger than the EB1-positive Reactivity was examined by immunoperoxidasestaining in cytocentrifuge preparations. (Fig. 3B, C) . On the other hand, the faintly EB1-positive cells had nuclei with more condensed chromatin. The nucleoli of the cells were less conspicuous or not seen (Fig. 3D, E) . They corresponded to basophilic erythroblasts. The strongly EB 1-positive cells were polychromatic erythroblasts (Fig. 3F ) and orthochromatic erythroblasts (Fig. 3G) . EB1 strongly stained the plasma membranewhich enclosed the extruded nucleus (Fig. 3H ) as well as reticulocytes (Fig. 31) .
DISCUSSION
In the present study using immunoelectron microscopy with a newly established mAb,we clearly showed that the expression of band 3 protein begins at the basophilic erythroblasts during normal erythroid differentiation. The intensity of the staining increases from basophilic erythroblasts to morematurecells, suggesting continuous synthesis and accumulation of the protein.
It has been reported that the polyclonal antibody to purified erythrocyte band 3 protein stains kidney, sweat glands, lymphocytes, platelets, adult liver cells, gastric parietal cells, and embryonic kidney cells (6, 7, 8) . In addition, a mAbwas reported that recognized both the human erythrocyte band 3 protein and the kidney band 3-like protein (22). Recent studies using a band 3 CDNA probe have revealed that band 3-related proteins exist in various tissues, including the stomach and the heart (ll). Therefore, the fact that EB1 mAb used in this study stained only erythroid cells indicates that this mAbis clearly superior to polyclonal antibodies in specifically detecting the erythroid-specific band 3 protein.
The EB1 did not stain the living erythrocytic cells. It did not lyse them in the presence of complement (data not shown). In order to perform successful immunostaining, it was necessary to treat the fixed-cells with detergents such as Triton X-100, suggesting that the antigenic site of EB1is in the cytoplasmic domain of the band 3 protein.
During the enucleation of the normal erythroblasts, immunofluorescence microscopy showed that glycophorin and spectrin were segregated preferentially on the surface of reticulocytes but not on the membraneenclosing extruded nuclei (5, 20) . Patel and Lodish reported that band 3 protein remained with the cytoplasmic fragment of enucleating murine erythroleukemia (MEL) cells (16). However, our results from immunoperoxidase electron microscopy with EB1suggest that band 3 protein is not segregated preferentially in the enucleating erythroblasts isolated from the anemic mouse spleen. This discrepancy might be related to the difference in the cells used in the experiments. In fact, it is knownthat MELcells do not showcomplete enucleation in contrast to normal erythroblasts (16). It is fairly difficult to clearly distinguish erythroblasts from other types of hematopoietic cells in routinely stained tissue-sections. Although this new mAbreacts with both erythrocytes and erythroblasts, the different staining pattern between erythroblasts and erythrocytes in the tissue-sections allowed us to distinguish erythropoietic foci in hematopoietic tissues. In addition, this mAbstains erythroid cells not only in cryostat sections but also in paraffin-embedded sections, which suggests that this membranemarker can be applied to routinely processed sections.
In conclusion, the EB1could be a useful mAbfor studying erythroid cell differentiation in vivo and in vitro.
